Genetic evaluation of sires based on length of functional productive life of their daughters was carried out using a Weibull proportional hazard sire-maternal grandsire model. The data consisted of 214 634 registered Slovak Simmental cows with censoring of 21.34 %. Besides the random sire and maternal grandsire effects, the model included time dependent effects of parity×stage of lactation interaction, within-herd standard deviations of milk production, herd×year×season interaction, change of herd size with respect to the previous year and time independent effect age at first calving. Within-herd, the standard deviations of milk production had the most important influence on functional productive life. The highest risk of culling was found in cows with the lowest milk production class (uncompleted lactation). Risk of culling decreased with an increasing milk production class. Estimated heritability of functional productive life was 0.05 on the original scale. Breeding values of sires expressed as a risk ratio of their daughters were between −0.57 and 0.53.
Introduction
The Slovak Simmental cattle is a dual purpose breed specialized mainly in milk production. Current population include 30 150 cows, 39 053 heifers and 911 Simmental bulls. Average milk yield is about 5 640 kg and number of completed lactations is 2.51 (Herd Book of Slovak Simmental Breed).
From 2008, Slovakia is the 28th member participating in the routine genetic evaluation of milk yields of Slovak Simmental and Holstein breeds (Candrák & Ryba 2009) .
Besides production traits, productive life, fertility and type traits have a great impact on efficiency and profitability of dairy industry (Páchová & Dědková 2003) . Longer productive life leads to a decrease of replacement costs and higher proportion of cows that are in later, high producing lactations (Vukasinovic et al. 1997) .
Productive life is defined as the number of days from first calving until culling and is dependent on level of production. Functional productive life, presented by Ducrocq (1994) , reflects the ability of cows to delay involuntary culling because of e.g. udder disorders, infertility or reproductive disorders, lameness or foot and leg defects, emergency culling reasons and other health disorders. For distinguish voluntary and involuntary culling, level of production is added to the model. Therefore estimated breeding values for longevity include only involuntary culling (van der Linde et al. 2007) .
The major problem with selecting for longevity is an absence of complete length of productive life (censored data) in live cows at the end of the study period. Further, the distribution of survival time is seldom known and in most cases extremely skewed (Sölkner & Ducrocq 1999) .
The implementation of survival analysis in genetic evaluation allowed us to process censored as well as uncensored data, time-dependent covariates and random covariates (Ducrocq 1994 , Vukasinovic et al. 1997 , Forabosco et al. 2006 . The Weibull proportional hazard model is a well-known method of survival analysis, which can therefore be used for estimation of breeding values of functional productive life. This model is based on a hazard rate which defines probability of being culled at time t, given that a cow is still alive immediately prior to t. The hazard rate is described as a product baseline hazard function, representing the aging process and function of explanatory variables affecting culling rate of cows (Caraviello et al. 2004) .
A further problem with the evaluation of productive life is the low heritability. Páchová et al. (2005) , van der Linde et al. (2007) , Bonetti et al. (2009 ), Vukasinovic et al. (1997 ), M'hamdi et al. (2010 and Mirtaghizadeh (2004) reported on a heritability value between 0.018 to 0.19. Tekerli & Koçak (2009) computed heritability for length of productive life of Holstein cows 0.29 using linear mixed model least squares and maximum likelihood program of Harvey's. It appears that culling is heavily influenced by herd management practices.
Parity and stage of lactation, herd, year and season of calving, within-herd class effect of milk production, variation in herd size and sire genetic effect were confirmed as factors influencing the length of productive life by Ducrocq (1994) , Caraviello et al. (2004) , Mészáros et al. (2008) and Bonetti et al. (2009) . The age of first calving has smaller influence on length of productive life by Ducrocq (1994) , Vukasinovic et al. (1997) and Strapák et al. (2010) . Sawa & Bogucki (2010) reported that lifespan and length of productive life is highest in herds of up to 20 cows, in herds with the lowest production level, in herds of cows that calved the first time before 24 months of age, and in herds of cows that yielded 4000-7000 kg milk as first calvers.
Other factors influencing the length of productive life are stress factors that are under genetic control such as heat shock protein (HSP) loci. They could be potential candidate genes for stress susceptibility. In the bovine hsp70.1 gene a functional AP2 box variant is affecting a significant decrease of cellular stress response (Schwerin et al. 2003) . Authors suggested that animals with higher stress tolerance reached longer productive life.
The aim of this study was the estimation of the influence of chosen fixed and random effects on length of productive life and the estimation of genetic effects and heritability. Further, breeding values of sires based on length of functional productive life of their daughters were estimated.
Material and methods
The data were provided by the Slovak Breeding Services and the Breeding Book of Slovak Simmental Breed. The data consist of records of the productive life of 214 634 registered cows with the first calving between 1992 and 2009 belonging to 1 493 herds in the Slovak Republic.
The length of functional productive life was calculated as the number of days from the first calving until culling or censoring. Animals with unknown sire and culling day, with more than 10 lactations and those sold for other purpose were considered as censored.
The statistical software SAS 9.2 (SAS Institute Inc., Cary, NC, USA) and the application Enterprise Guide 4.2 (SAS 2008) were used for preparation of databases. The Survival Kit v6.0 (Ducrocq et al. 2010) was used for the estimate of breeding values for length of functional productive life.
The analysis was carried out using a Weibull proportional hazard sire-maternal grandsire model. The following effects were included in the model:
where λ(t) is the hazard function (instantaneous probability of culling) for a given cow at time t, λ 0 (t) is the Weibull baseline hazard function, pls is the fixed time-dependent effect of the parity×stage of lactation interaction. Parity had 10 classes (1-10+) and the stage of lactation involved 3 classes -1: from 1 to 100 days, 2: from 101 to 200 days and 3: more than 201 days including a dry period. Variable m is the fixed time-dependent effect of the milk production class, expressed as a standard deviation (SD) from within-herd-year average (6 classes with changes after each calving, 1: <−2 SD, 2: −2 SD to<−1 SD, 3:−1 SD to<herd-year average, 4: herd-year average to<+1 SD, 5: +1 SD to<=+2 SD from herd-year average, 6: >+2 SD), hs is the fixed time-dependent effect of the variation of herd size was expressed as increase (+) or decrease (−) number of cows in comparison with last year (6 classes -1: <−75 %, 2: −75 % to <−25 %, 3: −25 % to <0 %, 4: 0 % to<+25 %, 5: +25 % to<+75 %, 6: ≥+75 %), age is the fixed time-independent effect of the age at first calving with 5 classes -1: age from 600 to 778 days, 2: age from 779 to 892 days, 3: age from 893 to 1 000 days, 4: age from 1 001 to 1 200 days, 5: age from 1 200 to 1 500 days, hys is the random time-dependent effect of the herd×year×season interaction, following a log-gamma distribution with change points at April 1 and October 1 in each calendar year (n=25 751), s is the time independent random effect of the sire of the cow, assuming to follow a multivariate normal distribution. Pedigree included 1 626 sires and the total bull number in the pedigree was 5225. 0.5 mgs is the random effect of maternal grandsire.
A Likelihood Ratio Test was used to check the importance of the factors influencing the length of the functional productive life of cows. The proportion measure of the model explained variation was calculated according to Maddala (1983) :
where n is the total sample size, L R is the restricted maximum likelihoods and L U is the unrestricted maximum likelihoods.
The influence of the fixed factors was expressed as a relative culling rate, which is defined as the ratio between the estimated risk of culling and mean risk setting to 1. For fixed effects that are time dependent the level with the highest uncensored records was assumed to be the average risk. This level was used for comparison with all other levels of the effect (Vukasinovic et al. 1997) .
The heritability was calculated according to Yazdi et al. (2002) : The breeding value for functional productive life was expressed as a relative breeding value with an average of 100 and genetic standard deviation of 12. Reliabilities were computed following Ducrocq (2005) as:
where N is the number of all sire's daughters and h 2 is the heritability.
Results and discussion
All data contain 21.34 % censored information. The average length of functional productive life in the analysed group of 214 634 Slovak Simmental cows reached 1 166 days for censored and 1 084 days for uncensored records (Table 1) which is comparable with Řehout & Polenská (1990) . Strapák et al. (2008) stated a longer productive life of culled Slovak Simmental cows of an average of +327 days, which was computed using a linear model. The baseline hazard function shows the risk of culling at a time t for all cows in the analysis and depends on the age of a cow (Figure 1 ). The risk of culling increases when the cows get older. The influence of the fixed factors on length of functional productive life Table 2 shows the results of the likelihood ratio test. All effects were significant. The two most important factors were milk production class and parity×stage of lactation interaction. Very small changes in log likelihood were observed after the effect of age at first calving was included in the comparison with the other effects. Reliability (R 2 ) according to Maddala (1983) reached 0.67. Effect of milk production classes on the risk ratio The cows with low production were at higher risk of culling than cows producing average to +1.0 SD (class 4) ( Table 3 ). The risk ratio decreased with increasing production levels. Sawa & Bogucki (2010) reported that productive life increases the most expressively (about 0.5 of year) in herds with an average first lactation milk yield of 4 000 to 7 000 kg. Chirinos et al. (2007) calculated a 2.38 times higher risk ratio for cows with milk production deviations lower than −30 % in comparison with cows, that reached the average milk production. On the contrary, in cows with a deviation higher than +30 % the risk ratio was 1.13 times lower. Mészáros et al. (2008) state a similar risk ratio tendency in Slovak Pinzgau cattle with highest calculated risk ratio (5.27) in the class of cows producing less than −1.5 standard deviation from average production of the herd.
Effect of the parity×stage of lactation interaction on the risk ratio In this paper 10 lactations were evaluated, each with 3 stages of lactation. The risk ratio was estimated only for 9 lactations, because there was no uncensored record for the 10th lactation.
The results of analysis confirmed more intensive selection in the third stage of lactation mainly at the dry period, when the risk ratio increased (Table 4) . The cows at the end of the first lactation showed 1.58 times higher risk of culling in comparison with the cows at the 100th day of lactation. The trend of the risk ratio was similar at 2nd up to 7th lactation. The risk ratio decreased with each other lactation. M'hamdi et al. (2010) and Vukasinovic et al. (1997) confirmed that more intensive culling of cows occurred at the end of lactations. Raguž et al. (2011) acknowledged that the animals from lower parities had higher risks of culling resulting in about 14 times higher in Simmental Breed in Croatia. The influence of factor parity×stage of lactation interaction analysed also by Mészáros et al. (2008) , they acknowledged a 4.14 times higher risk of culling at 180th day of the first lactation in comparison to the cows at the end of lactation whereby the risk ratio decreased, excepting the second lactation and the end of each lactation.
Effect of the variation in herd size on the risk ratio The variation in herd size was calculated as a percentage increase or decrease of the number of the cows in herd in comparison with previous year. The variation size of the herd from 0 to +25 % was set as a reference class (Table 5) . The highest risk ratio was reached in the cows in the herds with a decrease of the herd size more than −75 % (1.54 times higher than in the reference class). Vice versa, the risk of being culled descended to 0.515 in the sixth class. Increasing herds showed decreasing risk ratio which was confirmed also by other authors (Mészáros et al. 2008 , Chirinos et al. 2007 . Similar tendency was showed by Terawaki et al. (2006) and Pasman & Reinhardt (1999) .
Effect of the age at first calving on the risk ratio The age at first calving had a smaller, but significant effect on the length of functional productive life. In comparison with other factors, risk ratio showed considerably lower variability (from 0.953 to 1.124) (Table 6) , which was confirmed also by papers from Raguž et al. (2011) and Mészáros et al. (2008) . The authors showed that the risk ratio of the age at first calving was in the range from 0.927 to 1.025 and from 1.05 to 1.19, respectively. The reference class was given the age at first calving between 779 and 892 days (Table 6 ). The cows of Slovak Simmental breed with an age at first calving between 600-778 days reached about 1.05 times lower risk ratio in comparison to reference class. The cows calving with a higher age achieved shorter production life.
Genetic parameters and heritability
Genetic parameters were estimated from the base of 1 122 sires, having a minimum of 10 daughters in analysis. The genetic variance of sires (0.02) and variance of herd×year×season factor (0.17) were included to calculate heritability, resulting in a value h 2 =0.05. Mészáros et al. (2008) reported on the identical coefficient of heritability in Pinzgau Cattle in the Slovak Republic, Potočnik et al. (2009) presented a heritability of 0.06 for Simmental in Slovenia. Higher values of heritability were estimated by identical method in Simmental population-in Austria, Germany (h 2 =0.12) and the Czech Republic (h 2 =0.23) (Interbull 2003) . Vukasinovic et al. (2001) and Bonetti et al. (2009) 
Breeding values
Estimated breeding values of all bulls in pedigree ranged from −0.57 to 0.53, corresponding with relative risk ratios between 0.56 and 1.7. Negative values represent longer productive life of cows. Relative breeding values (RBV) of sires ranged from 44.8 to 165.6, values more than 100 express longer productive life of cows. These cows have less risk to be culled.
The reliability of breeding value estimation (R 2 ) depends on the total number of daughters; the higher number of daughters and the higher reliability. The average reliability of 0.34 was achieved from bulls with 42 daughters. The maximum value was 0.98 (bull with 5 975 daughters). Mészáros et al. (2008) found out reliability with a mean of 0.25 and the maximum value was 0.96. The average reliability was reached for bulls with 27 uncensored daughters. Table 7 shows RBV of top ten sires of Slovak Simmental cows. The highest breeding value of 165.6 with a reliability of 0.97 was reached by Egos-ET, bulls of Slovak origin. Following bulls were Maigold (RBV=164.4, R 2 =0.89) of German origin and GS Dionis (RBV=158.7, R 2 =0.93) of Austria origin (Table 7) . Relative breeding values with a reliability of more than 0.30 were published. Vukasinovic et al. (2001) published breeding values with a reliability of at least 0.50 in the first national genetic evaluation. In other countries, breeding values are published variously in the international genetic evaluation (Austria -if breeding value for milk yield is official, all other breeding values are official, if not so, minimum reliability is 0.30; France and Switzerland -reliability is more than 0.50) (www1). The decreasing trend was felt in the seventies and half of the eighties. Probably it was a demonstration of the effect of crossbreeding with Holstein breed, which was focused on the increase of milk production. The increase of the RBV in the early nineties may have been caused by the import of the Simmental bull sperm from abroad, where these bulls were selected also for longevity. Current crossbreeding situation is focused on purebred breeding in Slovak Simmental cattle.
In conclusion, the genetic evaluation for functional productive life has been performed for the first time for Slovak Simmental cattle in Slovakia. Published breeding values help farmers to eliminate sires with low breeding value for longevity and so to prevent a decrease of productive life in the population.
Currently, this method is prepared for the implementation of routine genetic evaluation of Slovak Simmental and Holstein breeds longevity. All factors, which were used in this study, are included also in the model, however with minor changes (e.g. age at first calving between 600-1 200 days).
Breeding values for longevity will be added to newly-formed total merit index in Slovakia.
